Objective-To investigate gastric emptying and intestinal transit of pelleted pancreatin in relation to food boluses. Methods-Dual isotope scintigraphy combined with breath hydrogen sampling was used to track the concurrent gastric emptying and intestinal transit of 111 indium labelled microspheres and a 99m technetium labelled tin colloid test meal. Twelve pancreatic insuYcient cystic fibrosis patients aged 5 to 38 years performed the study. Results-50% gastric emptying times showed patient to patient variation. The mean discrepancy in 50% gastric emptying times between the two labels was > 67 minutes. Mean small bowel transit time for the food bolus was prolonged at 3.6 minutes. A significant correlation was seen between weight standard deviation score and 50% emptying time for pancreatin (r = +0.73). Conclusion-Gastric mixing of food and pancreatin may be limited by rapid emptying of microspheres. Patients with high dosage requirements could benefit from changing the pattern of their pancreatin supplementation.
Most patients with cystic fibrosis (CF) exhibit malabsorption. This is usually perceived as secondary to exocrine pancreatic insuYciency; however, deficient pancreatic enzyme secretion is only one of several abnormalities that combine to produce steatorrhoea and azotorrhoea. Nevertheless, malabsorption is traditionally dealt with by titrating pancreatin dosage against symptoms. Most patients with CF achieve adequate weight gain and bowel control with modest intakes of pancreatin (< 10 000 U lipase/kg/day); others, despite huge doses, remain symptomatic. Most physicians accept the need for high dose treatment in this minority of patients; however, the association of fibrosis and stricturing in the proximal colon and high dose pancreatin supplementation 1 has led to a reappraisal of enzyme dosage and the factors that influence pancreatin function.
Previously, we have shown that an inappropriately acidic proximal intestine may delay enzyme release and inhibit activity.
2 Therefore, it is likely that the bioavailability of some pancreatin preparations might be improved with H 2 blockers 3 ; however, oral antacid treatment used in conjunction with microsphere preparations has produced inconsistent eVects. 4 5 Thus, other factors such as the kinetics of gastric emptying and release characteristics of the enzyme preparation 6 may be more pertinent to the eYcacy of current pancreatin treatment. We have devised an isotopic technique to investigate possible mismatch between gastric emptying and intestinal transit of the food bolus and granulated pancreatin preparations under physiological conditions in vivo using a simulated test meal. In) labelled cationic resin beads (density, 0.77 g/ ml; particle size, 0.3-1.2 mm), to simulate pancreatin microspheres, was used as described previously. [7] [8] [9] However, data from our first five patients suggested that the technetium was delabelling and entering the bloodstream as free pertechnetate. Furthermore, preliminary work with the indium labelled beads raised doubts about this technique for simulating enzyme transit, despite the similarity in densities and particle size (fig 1) . In view of these inconsistencies, an improved labelling protocol was developed, enabling the pancake test meal to be labelled directly with 99 Tc m tin colloid and the pancreatin pellets (mean diameter, < 1.2 mm) directly with 111 In chloride. 10 Twelve patients with CF aged 5 to 38 years were studied using this improved protocol. All were pancreatic insuYcient and receiving the currently recommended lipase/protease intake for each kg of bodyweight. Patients with a history of bowel surgery for meconium ileus were excluded, as were patients with existing colonic strictures. Baked beans acted as the hydrogen source.
11 Data were analysed using the Wilcoxon matched pair signed rank test. The study was approved by the local research ethics committee and ARSAC.
After an overnight fast, each patient was given the standard pancake and baked bean test meal (400 kcal), together with four enzyme capsules (32 000 U lipase). Patients were instructed to take all the pancreatin with a drink of dilute juice immediately before the meal. Small bowel transit was established using breath hydrogen sampling, with a rise in breath hydrogen excretion (> 20 ppm) indicating the head of the meal entering the colon. 12 Lunch consisting of sandwiches, crisps, and a sugar free drink was given three to four hours after the breakfast. Gamma camera recording was carried out every 15 minutes until gastric emptying had taken place and then every 30 minutes until the end of the study (300-360 minutes).
Results
There was considerable variation in gastric emptying and intestinal transit for food and pancreatin microspheres in individual patients, with enzyme pellets generally emptying from the stomach more rapidly than food. Examples of good and poor correlations are shown in fig  2A and B. Individual small bowel transit times, 50% gastric emptying times, and weight Z scores for the 12 patients studied using the modified protocol are given in In labelled pancreatin it was 92.7 (17.9) minutes. Because digestion within the intestine requires adequate mixing of food and pancreatin, diVerences in paired emptying times were considered, irrespective of which label emptied more quickly. There was a mean discrepancy between the paired emptying times of 67 minutes. A significant correlation (p < 0.01) was seen between weight SD score and 50% emptying time for pancreatin (r = +0.73; fig 3) . There was also more variation in paired emptying times in patients with suboptimal nutritional status as defined by a negative weight SD score (range, 3-129 minutes) compared with patients showing good nutritional status.
Small bowel transit for the food, measured using breath hydrogen excretion, was derived for the combined group of 17 patients because delabelling was thought unlikely to influence this measurement. Transit times varied from 2.4 hours to > 6 hours, the limit of the study, in two patients (mean, 3.6 hours). Labelled pancreatin appeared in the terminal ileum/ colon by two hours in most patients, with obvious "hot spots" of isolated pancreatin evident in the right lower quadrant in three patients.
Discussion
We have illustrated clearly, using a synchronous recording and dual labelling technique, mismatch in gastric emptying and intestinal transit between enzyme pellets and food boluses. This non-synchronous transit could be the result of poor mixing of chyme and pancreatin in the stomach, with partitioning of the pancreatin with the liquid phase of the meal, which empties more rapidly than the solid phase. 13 Unfortunately, there are no similar published data in children with CF to compare our results with. However, comparative data on gastric emptying for food and pancreatin are available from studies in healthy adults. 14 Meyer et al, using 99 Tc m labelled liver and 113m In labelled polyamide spheres suggested that gastric emptying of food and 1.6 mm spheres show interindividual variation in delivery of pancreatin to the proximal intestine. 8 In addition, Delchier et al found duodenal lipase recovery rates ranging from 3% to 80% in adults with exocrine pancreatic insuYciency. 15 We were also able to confirm previous reports of slow small bowel transit in patients with CF, 16 17 although intestinal transit measurements performed in this way can only be approximate. Breath hydrogen testing, used to track the test meal, provides a useful index of small bowel transit for the head of the meal, but does not reflect the time taken for all the meal to enter the colon. Thus, any diVerences in transit between food and pancreatin identified using this methodology are likely to be underestimated. Acquisitions over the right iliac fossa were used to identify the presence of label in the terminal ileum and proximal colon. While this is partly subjective, tracking of activity in individual patients before and after the isotope reached the right iliac fossa helped confirm the location. Breath hydrogen analysis also aided identification of the caecum. In three of 12 patients, enzyme hot spots were visualised in the colon before the food bolus reached this area.
Previously, we have shown that in CF, defective Cl − /HCO 3 − exchange in the pancreatic ducts 18 19 results in pancreatic secretions with insuYcient HCO 3 − to neutralise gastric acid.
2
The resulting duodenal hyperacidity is suYcient to delay the release of microsphere pancreatic enzyme preparations (pancreatic enzymes are not released from enteric coated microspheres below pH 5.5) or irreversibly denature any enzyme released from the enteric coating. We have now shown that there is considerable individual variation in mixing, gastric emptying, and intestinal transit of food and pancreatin, and have demonstrated that this mismatch is associated with poor weight gain. Moreover, as transit slows and pH rises in the terminal ileum, free pancreatin is likely to be released into the caecum, and this could be relevant to the fibrosing colonopathy reported recently in some patients with CF. Our study demonstrates the multifactorial nature of malabsorption in CF and goes some way to explain why many patients with CF require more than the estimated 30 000 U lipase activity to digest the fat content of a normal meal. Further studies will be required to determine the release pattern of enteric coated pancreatin in the intestine. Information on pH profiles throughout the small bowel would be helpful in this respect. Patients should spread their pancreatin dosage throughout the meal to limit partitioning and to optimise mixing. Enteric coated enzyme microspheres/mini-tablet preparations may need to incorporate dispersing agents to facilitate even mixing with food.
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